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THE DIELECTRIC PROPERTIES OF THE CONSTITUENTS OF LAC 
By G. N. BHATTACHARYA 
ABSTRACT. The dielectric propertie~ of the chief constitucnts of lac, vi:;., purc lac, soft lac and lac-wax, 
have been measured separately over a wide range of temperature and frequency. The dielectric constant as 
weU as pure a.c. loss-factor for aU these compcmellts show typical dipolar characteristics regarding tcmperature 
and frequency variation. A distributed range of relaxation times for the first two components has been 
established and these distribution coefficients calculated. The calculation of the average diameter of soft lac 
resill rotator shows that as in whole lac, the hydroxyl group is the main polar group responsible for dieletric 
loss. Measurement of viscosity of soft lac over a range of temperature shows that the logarithmic law, meant 
for liquids, is strictly followed by it regarding the variation of temperature. The valucs of activation energy 
calculated from viscosity data as well as d.c. conductance data of soft lac agree quite well. They also agree with 
the activation energy obtained from a .c. oata. No transition point coald be observer! for soft lac but hard lac 
exhibits such a point near about so·C. The ano111alous dispersion of lac-wax has been observe,lncar its softening 
point although the extent of dielectric constant variation is small. 
INTRODUCTION 
It has been observed recently (Bhattacharya, 1944) that lac as such behaves as a typical 
polar resin. It shows anomalous dispersion at ordinary temperatures and the maximum 
dielectric loss for any frequency takes place at a definite temperature. The 10s9 curve is a 
typical absorption curve which shifts towards high temperature side with the increase of 
frequency. But having a comparatively large molecule it has a distributed rage of relaxation 
times due to which it has a wide dispersion range as well as a diminished value of maximum 
dielectric loss. The application of Stoke's law in order to calculate the radius of the 'lac 
molecule' has revealed the interesting fact that only the hydroxyl group of the molecl1le is 
responsible for the loss and probably the general rotation of the whole molecule does not take 
place. But lac, as we know now, is a mixture of a few constituents. It is of interest, therefore, 
to study the dielectric properties of these constituents in order to understand the dielectric 
behaviour of lac in a better way. 
There are three constituents of lac-Ii) pure lac resin, (t-lac or simply hard lac, (ii) soft lac 
and (iii) lac-wax. Pure lac is insoluble in diethyl ether but soluble in alcohol, while soft lac is 
soluble in mohlt ether. Pure lac is the main fraction of lac comprising about 70% of the whole, 
soft lac comprises 25-30%, whilst lac-wax is only about 4% of the total. Lac-wax is again a 
mixture of two main fractions according to its solubility in alcohol. The alcohol-soluble fraction 
is the main constituent comprising more than 6/7 of the whole and the alcohol insoluble but 
benzene soluble part comprises only 1/7 of the total wax. These two main fractions are again 
mixtures of several components. 
Pure lac softens at a higher temperature than whole lac, does not melt to a thin fluid and 
readily hardens at high temperatures. Soft lac, on the other hand, is a cooled glass· like substance 
at low temperatures, becoming a thin fluid at higher temperatures and is not c~sily hardened 
by heat. 
From 'the results of the study of dielectric properties of individual components of lac it can 
easily be s~en if of the two main components one is very different from the other regarding 
dielectric loss and if so whether the exclusion of one or the other constituent from lac results 
in a better product in this respect. 
The electrical industry, in general, prefers to use de-waxed lac instead of whole lac. This 
has, in certain quarters. given rise to the notion that the dielectric properties of lac-wax are 
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undesirable (Rangaswami & Sen, 1942) although there seems to be no such record which can 
justify this view. An elaborate study of the dielectric properties of the constituents of lac 
may naturally throw light on many such practices which are being observed in many industries 
even today. 
THEORETICAl. 
The complex dielectric constant f: of a substance is usually expressed as 
where 
and 
Ii':: thc rcal or the ordinary dielectric constant, 
€"= the imaginary part of it or the dielectric loss factor. 
The dielectric loss factor is related to the ordinary dielectric constant through a factor which 
is usually called the power factor and is generally expressed as cos ~ where (/' is the phase angle, 
i.e., the angle between the applied voltage and the current vectors. This relation is 6"=6' cos q,. 
The complementary phase angle is called the loss angle and is generally expressed by O. Hence 
ell = e' cos q. = f:' sin 0 = e' tan 0, since 0 is usually very small. (I) 
From the known values of dielectric constant power factor, tan 0 (both of which may be 
determined over a Schering bridge or a capacity bridge), the dielectric loss may be computed. 
Now for a condenser having dielectric loss, the current in phase with the applied voltage 
may be expressed as 
I r = I sin S = I tan S, since S is small. (2) 
And the expression for current through a condenser C when an alternating voltage V is 
impressed at its terminals is 
I=wCV 
Therefore substituting in (2) for 1, we have 
I. =wCV tan 0 
But tan o=e" If' from (I) and substituting this value of tan 0 in (4) we can further write 
.e" ell I r = wCV - = 27rfCV--
e' 6' 
Again for a parallel plate condenser the capacity C of a condenser is ·given by 
Ae' C=---
. 41l'd 9 x lOll farads (6) 
where A, d and e' are the effective area, the thickness and the dielectric constant respectively 
of the insulating material of the condenser. Substituting this value of C in (5), we have 
If however K t is the total specific conductivity of the dielectric of the condenser comprising 
both the d.c. conductivity Ko and the a.c. conductivity K, this may be written as 
K t =Ko+K (8) 
And the current I r may therefore be represented as 
Ir=AVKI 
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Hence from (7) and (9), we obtain the relation 
"Jlj=18 x l011 KI 
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The total specific conductivity in this expressivll yidds the value of total dielectric loss on 
~()llIputatioll. Pure a.c. dielectric loss may, however, Le ascertained by takiug the a.c. con-
111ctivity value K instead of K I in the aboVt:! expre::.sioll. Hence the expression for pure a.c. 
lieledric loss is 
II _ 12> x 10 I J X K 
(:;' - -_.. -"" 
f 
(II) 
EXPERIl\IENTAL 
.1pparalus.-For the lu\\'(;!r fn:queucies a Scheriug bridge was llsed for the determination 
uf dielectric constant and power factor and for the highet frequencies a radio-frequency bridge 
was employed .. The details of the bridges, detectors and the sources of current supply used in 
this investigation have been previously reported (Bhattacharya, Il)44). 
Elecirodes.-'1'be vertical type paralld plate gold condenser, described previously, was 
<:lIlployed for soft lac resin and shellac wax, but for hard lac resill (a-lac) tin foil electrodes 
backed Ly hollow metal electrodes for the circulation of oil frOIl1 a thermostat for controlling 
temperature could only be used. These have also been described earlier. 
Malerials.-Soft lac resin was obtained by Soxhlet extraction with diethyl ether from a 
sample of Kusmi shellac. This resin was then dissolved in ethyl acetate and boiled with 
l1l:colourisiug charcoal to remove allY colouring mattl:r. After this treatment the soft resin was 
again boiled with petroleuIll ether under a reflux and the resin was vigorously stirred from time 
to tillle with a glass rod. After a few renewal of the petroleum (;!ther, the soft resin was almost 
fn.'e from any wax, and this soft lac was heated at about 100°(' in a vacuum-oven till it was 
free from any adherent solvent. 
Hard lac resin was prepared from a sample of Kusmi lac by Soxhlet extraction with ether. 
Lac was ground to a fine powder, mixed with quartz sand and repeatedly extracted first with 
diethyl ether and then with petroleUm ether in Soxblet apparatus for the removal of soft lac 
resin and shellac wax. Finally the resin was dissolved in alcohol, filtered free from sand, 
precipitated again from a large volume of distilled water and then drawn into fibre on softening 
from the boiling water. These fibres were dried in air, powdered in a mortar and then finally 
dried in a vaCUUIll-oven at 40°C. 
Shellac wax was obtained by purifying Angelo Bros.' commercial shellac wax. The 
commercial wax was dissolved in benzeue, boiled with decolourising charcoal under a reflux 
for 3 hours and then filtered. The wax recovered from the solution, after freeing it from 
tbe adherent solvent, was used for the experiments. 
Method of procedure.-Soft lac resin and shellac wax could be melted at a higher tempera-
ture without any difficulty and so the vertical parallel plate condenser was used for their 
llleasurements. Detailed procedllre regarding precautions to be taken to avoid adherent air 
bubbles, etc., has been given in the earlier paper. Shellac wax has a large contraction on 
solidification and so the molten wax was slowly allowed to solidify from the bottom in order 
that void formation may be avoided. I 
A few 4" discs were moulded out of hard lac" resin llsing a very small quantity of stearic 
acid as mould lubricant. Higher pressure was necessary to mould hard lac than is generally 
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necessary for whole lac. The technique was the same as described previously (Bhattacharya, 
1942). After about Bo"e the discs began to soften and further readings could only be obtained 
with difficulty up to 90°C. But unlike whole lac hard lac could not be melted to such a degree 
of fluidity that the parallel plate condenser could be dipped in that 1l10ltel~ mass. It was, 
therefore, not possible to obtain for hard lac readings at temperatures higher than 90oe. 
CALCULATIONS 
The formulre used for the calculation of air capacitance of the test condenser, the correction 
for edge-capacitance of the condenser, etc., have been given in the previous paper. 
RESULTS 
(a) Soft lac resin 
Frequency \ 
inKc/~ 1-) 
10' 
500 3'35 
100 3-46 
50 3.50 
25 3.56 
10 3.60 
5 3.66 
3 3.70 
2 3·76 
I 3.84 
0'5 3·95 
0'°5 4·20 
TABLE I 
Dielectric constant-temperature data at different frequencies 
3·52 
3.68 
3·75 
3.80 
3'90 
3,95 
4.rn 
4·08 
4·19 
4·33 
4.87 
Dielectric constant .' at the temperature of (·C) 
_.,,-- --.. -- --, .. _- .... --,,----._--.,,---_._"--
I 
3·74 3·99 I 4·24 3·94 424 I 4'56 
406 Oil I 4.76 4. 14 4.5 0 4·9;) 
4·26 4.68 5·20 
4.36 4.82 .H4 
4.46 4·99 5.61 
4·55 5· 1I 5·88 
4·70 5·34 6.11 
4·92 5·73 6,59 
5·80 655 6·90 
TABU II 
60· -I 70 • 
4.flO 
5. 10 
5.36 
5.60 
5.96 
6.12 
6.27 
6·43 
(i·70 
6·9() 
7.02 
-----
4·99 
5.56 
112 
.(16 
.21l 
·53 
·48 
.60 
.72 
.88 
.00 
5 
6 
6 (i 
6 
6 
6 
6 
7 
8u . 
5·33 
5.86 
6.oll 
6.28 
6.38 
6-44 
6·51 
6.62 
6.66 
6·79 
6.87 
I 
90· 
_ .. 
5·55 
6.00 
61 3 
6.28 
6.36 
6.40 
646 
6·57 
6.60 
6.66 
Measured power factor data at different temperatures and frequencies 
l Power factor (uncorrected for D.C. conductivity) at the temperature of (·C) 
Freqllency r----:---...--- __ _ 
in Kc/s I I \ 1-IDo 20· 30. 40· 50· 60· I ;~ So· 
-
. -".~ ... -~------ -
I 
500 ·°3°4 ·°4°5 0499 '°564 .0666 .0802 .0864 .0920 ·(J78S 
100 .0303 .0387 '°483 .0603 '°716 .0821 .0873 0736 .0565 
50 .0308 0389 '°485 .0633 .n752 .0842 I .0829 .0668 .0509 
25 .0287 ·°389 .0516 .0654 ·°796 .0894 I .07°8 0530 .0369 
10 .0260 .0391 
·°535 .06qI .083:1 .oRo5 I .0592 "'In .0360 , 
5 .0230 0384 '°548 ·(l7 H ) .0862 .0673 "499 "354 .0352 
3 .0227 .0391 .0503 .0830 .0589 
i 
.0426 .0752 I .0427 .0344 
2 .o:t .0384 '°583 .0806 .0757 .0544 I ·°394 .0374 .05'32 
1 .01 I .0361 .0601 .OS7° .0662 .0427 .0316 .OS02 .0850 
0·5 .0176 .0370 .0672 .0823 .°581 .0373 ·°431 .0742 -
0.05 .0042 .0601 .0802 
'°568 .0500 - - - -
: 
-~---
100 0 
5.71 
6.06 
6·14 
6.22 
6·3" 
6·14 
6-411 
6.50 
6·53 
6·54 
.---
. / .0674 
.0428 
0337 
.0333 
.0396 
.0558 
.0814 
.1420 
-
-
-
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TABLlt III 
Total A.C. conductivity data at different temperatures and frequencies 
Frequency \ 
ill Kc/s I ~--I-----
10· 20 0 
I 
Calculated (K I x j(8) values from measured power factor at (·C) 
50° 7°· 60° 80· 
~-~ ... ~-., . -_.--_._-_.----- .."-----~--- .. ,. --~.--- ~ ----- --~-.- --"'--
I I 
I ! 
Suo 2.831 3959 5· I86 625" ! 7. 841 10 ~5 12 .. '\9 13.62 12.12 10.69 
100 0.582 
I 
0.791 1.056 1-421 I 1.I>J3 2·326 2.697 2.396 1.884 1·442 
50 (l.299 DAoS 0.54 6 o'77 I i " 995 1.254 1.30 7 i r 127 0.867 0·575 
2S "·J42 
I 
0.206 n.29b o-4"Q ! n 544 I) 695 u·596 n·5 15 P·323 0.288 I 
10 0.05 2 (l.oSS (l.127 o ISO I ().2.jl (l 267 o.zo6 0.149 (). J27 0.139 
5 0.023 0.04 2 ().o66 n.o!)6 0.1Jo 0.114 C),nS8 0.063 o.u62 0098 
3 0. 01 4 o.(lz6 (l.o42 (,.(,63 I n,n7S O.()62 (l04 6 n.oJ7 0.046 0.087 i 
2 0.009 (J.017 P.o29 o·()4 6 I 0.049 (1. 0 39 0.029 0.028 0.039 0.102 1 o.ou4 D.ooR 0.1)16 o.n26 u.022 (l.UJ() 0.01.2 
I 
0.01 9 0.°3 1 0.067 
0·5 0 .. 002 0,0(>4 0.01 3 I 0.008 0.01 4 U.OO9 1 I 0.( II I o.uOi - -
0.05 
- I O.OUI 1).( H)2 0.001 I - - - - -- -! 
TABLE IV 
Resistivity or conductivity-temperature data 
Temperature Resistivity D.C. 
~--~--~ 1 /T x 1O~ Po x 10-12 Conductivity t'C 'I'oK Ko x 1012 
log Po 
---.--~-"---.-,----,.- .. --_._----_. -~--~~------ .. --... -~-~--------~.-~ --'-----_ ... _---
20° 
30 ' 
4(): 
50 
60' 
7" . 
80 0 
90 • 
293 3.4 13 121 0.008 
30 3 3·30<) 25.() 0.040 
31 3 3 195 3.60 0.278 
323 .,.096 u·S7 1·75° 
333 3.1)0 3 (l.n8 12·5° 
343 2·()l5 0.022 45.40 
353 2.83.1 0.005 200.0 
31'3 2·75.1 (J.()02 500 . 0 
TABU V 
Dielectric loss--temperature data at different frequencies 
Dielectric loss f" (Corrected for D.C. conductivity) at the temperature of (OC) 
14·08 
13.40 
12.56 
11.76 
JO·90 
10·34 
9·7° 
9·30 
Frequency 
_in._K_Y_C /_S. __ ··_'·'_···.·: __ ·~_···-_-.I.:., __ 2_0_° _.:,_-~~ ~_I.~~o~_~-_I_-~~~~()O_._____~~ ~] __ 70_' __ -,-\ __ 8_°_° _,\ .. __ 9.0_'_ 
I 
-
500 
100 
50 
25 
10 
5 
3 
2 
I 
0·5 
0.05 
.1019 
.1°47 
. 1076 
.1023 
.0936 
.0841 
.0838 
.08:;0 
.0694 
.0~S 
•01 76 
.1425 
.1423 
.1457 
.1480 
.1527 
.15 15 
.1568 
.1564 
.1509 
.1602 
.2922 
.1866 
.19°1 
.1966 
.2 134 
2250 
.2389 
.25 II 
.2653 
.2823 
·33°8 
.4600 
.2250 .2823 
.2558 .3265 
.2774 .3581 
.2943 .3918 
.3231 .433 1 
.3465 .4687 
.3763 .4660 
.4125 .4436 
.4645 ·3996 
.4700 .3723 
.3668 .2620 
369 2 
.4 1&) 
·45°0 
-4990 
.4769 
·4°68 
3600 
·337° 
.259° 
.2 139 
·4300 
.4845 
4800 
.4264 
.3610 
·3°4° 
.2460 
.2200 
.1280 
·49°1 
·4260 
·4001 
·3200 
.2361 
.1620 
. II 6o 
·4320 
·33°2 
.29°1 
.1965 
.1500 
·°45° 
'102 
Frequency 
in Kc/s 
500 
100 
50 
25 
10 
oS 
3 
2 
I 
0·5 
0.05 
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TABLK VI 
Corrected Power factor-temperature data at different frequencies 
.0304 
.030 2 
.030 7 
.0287 
.0260 
.0230 
.0226 
.0236 
.0181 
.01 76 
.0042 
Power factor, tan 3 (corrected for D.C. conductivity) at the temperature of (OC) 
.0405 
.0386 
.0388 
'°389 
.0391 
'°383 
.0390 
.0380 
'°361 
.0370 
.060! 
60' 80· 
~i---:-~:-,;Ti7,r:-~ -rl-:m- :~~~l;; 
.USIS .0654! .0796 .0890 .0703 .0510 .04 13 
"535 .0691 ! •0833 .0800 .0575 .0370 .0235 
.0548 .07 19 i .0862 .0664 .0476 .025! .007 
.0563 ,u752 I .083u .0575 .0379 .01 78 -
.°583 .0806 .0757 .0523 .0333 - --
.0601 .oR70 I .0060 .0387 .0190 - -
.0670 .0820 .0565 .0310 .0200 - -
.0800 I .0560 I .0380 - - - I -
(b) Hard Lac 1<esin 
TABLE VII 
Dielectric constant-temperature data at different frequencies 
Dielectric constant E' at the temperature of ('CI 
Frequency 
in Kc/s 1---3-0-··-r---~-~- --I-.. -... _.-_'-_5;~-·J ___ ·_ .. 6~~~r~-~;i:--_.-._~L-_-_-~-0·-'_-.. -_--.. _-I_-. -.~:)~' 
500 
100 
50 
25 
10 
5 
3 
2 
I 
.05 
3·54 
3.65 
3·6<) 
3·72 
3'76 
3·77 
3.80 
3.82 
3.85 
3.90 
3·64 3·93 
3'74 4·03 
3'77 4·08 
3.80 4·10 
3·82 4·15 
3.85 4·18 
3.87 4·23 
3.90 4.30 
3'96 4-33 
4.0 9 4·54 
4·22 
4-36 
4-42 
444 
4·54 
4·6n 
4.66 
4.78 
4·95 
5. 2 5 
TABU VIn 
I 
I 
4.52 
4·7'1 
4.80 
5. 00 
5. 12 
5·29 
5.4 1 
5·53 
5.76 
5·37 
5. 0 0 
5·32 
5·55 
5.76 
5.84 
6.01 
6.2I 
6·35 
6.60 
7·57 
Measured power factor data at different temperatures and frequencies 
Power factor (uncorrected) at the temperature of ('C) 
5·42 
5·97 
6.1il 
6,38 
6.60 
6.gl1 
7. 10 
7·24 
7·37 
8.13 
Frequellcy ----0------- _. ______ ..... 
__ in_K_C_I_S_--,. __ 3_C_,O_--,I:"I. __ .4_0_o ___ .,LI __ ~~ __ I_1 '_.~~_. _.J __ ~---,l-_._8_0_~. _ _'_i ___ 9l~ 
500 
100 
50 
25 
10 
5 
3 
2 
I 
. 0.05 
.0327 
.0237 
.0187 
.0149 
.0126 
.0105 
.0084 
.0085 
.0072 
.0051 . 
.0279 Ii 
.0194 
•01 57 
.014 1 
.0128 
0107 
.0664 
.0036 
.0010 
.0012 jl 
.030 7 
.0221 
.0188 
.oI88 
.01 53 
•0135 
.oIl8 
.0072 
.0023 
.0032 
.0350 
.0289 
.0253 
.0265 
.0295 
.02 78 
0234 
.0211 
.0183 
.0285 
.0418 
.0448 
0446 
.0462 
.0569 
.0612 
0659 
.0676 
.. 0694 
.0818 
0554 
.06u 
.071 7 
·0907 
0783 
.0818 
.0868 
.0900 /1 
.0823 
.0612 
.0664 
'°756 
.0773 
.0806 
0831 
'°786 
.0713 
.0672 
,0562 
,0:100 
Ilrequency 
in Kc/s 
-"----' 
500 
100 
50 
25 
10 
5 
3 
2 
I 
.05 
, 0.II56 
0.0867 
0.0688 
0.0553 
0.0472 
0.0394 
0.0321 
0.032~ 
9.0275 
0.0203 
(c) Lac-Wax 
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TABtIt IX 
Dielectric loss-temperature data at different frequencies 
. 
Dielectric loss .n (corrected) at the, temperature of (DC) 
50' I I 60' 8n D 
.---------.-.. -~~.--.. 
-
_ . ...(1,.-. -~-~---
" 
... -
L __ -__ ~_ 
0.1015 0.1206 0.1479 0.1888 0.2726 
0.0888 " 0.0724 01262 0,2125 0,3253 
0.0591 0'°769 0.1119 0.2145 0.3972 
00535 00773 0.1179 0,2309 0.5'70 
0.0488 0.0635 0.1338 0.2914 0,4573 
0.0414 0.0565 0. 1277 , 0.3240 0.5°32 
0.0249 0.0498 0.1091 " 0,3565 0.5463 
" 0.0141 0.0309 0.1009 ~: 0.3736 0.5556 
00048 0.0097 0.1908 t 0·3995 0.5400 
0.0041 0,0141 0.15°2 
, 
0,5243 0.4512 ,~, 
TABI.It X 
Dielectric constant-tempeJ'ature data at different frequencies 
Dielectric constant .' at the temperature of (DC) 
Frequen<,y 
'103 
go' 
0.35811 
0.4482 
0·4753 
0·5°81 
0.5484 
0·5347 
0.5012 
0·4753 
0.4103 
0.1532 
in Kc/s . -.- '-
500 
100 
II) 
1 
Frequency 
in Kc/s 
10· 20' I 30' I 4'" I 5°' 60' [ 70' \ _L 80' 9°' ,0" •• __ ,,-" 
2,60 2,61 2,60 2.61 2.62 2.63 2.68 2.6g ,1 2.67 
2.62 2.62 2.~2 2·64 2.65 2.66 2·7° 2·io 2.67 I 
2.6g 2.68 2·69 2.68 2·59 2.6q 2.76 2.72 I 2.68 
2·77 2·7S 2·77 2·75 I 
2.76 2·76 2·79 2·74 I 2.68 
TABLa XI 
Measured power factor data at different temperatures and frequencies 
Power factor (11ncorrected) at the temperature of \ 'Cl 
.. 
so" 91'" 
I 
I 100' • 
2,63 
2,63 
2.63 
2.63 
100' 
-
-.-.. -~".--~~.----- -~.------
__ -L'-'-r'~ . i 
.0082 .0107 .0104 i ,0042 .0034 .(~,lOI I .OOJO 500 .0lIO .0142, ,OU3 
100 .0100 .0098 , .0uS .0137 ,0145 ,0106 I .0()76 .0068 ,0004 I .0008 
10 .0120 .ouo .0135 ,0127 .ooSS .0068 I .0078 .0034 .0016 .003'5 
1 ,0013 .0012 0013 .0009 .0009 . .0003 I -- - - I -
DISCUSSION 
We shall analyse the iielectric data collected for the three constituents of lac and discuss 
their implications separately. In a previous paper (Bhattacharya, I944) the dielectric behaviol1r. 
of whole lac has been fully discussed aDd in this paper referenee to that earlier communication 
wnl be frequently made in order to avoid repetition of the conc1usion.s drawn previ~usly. Of 
S-I,SISP-II • 
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the three constituents the most complete study could be made of the soft lac resin owitig to the 
comparative ease with which this resin could be handl.s:d at high temperatures without the 
apprehension of its being heat-hardened unlike whole lac 01' hard lac. Shellac wax was even 
better in this respect but it would be seen t11at it behaves almost like a non-polar wax and so a' 
complete analysis of its dielectric data is not necessary. Practical difficulties, as stated in the 
previous section .. stood it~the way of recording dielectric data of hard lac resin at temperatures 
higher than 90°C. 
Soft lac resin.-The power factor-temperatl1re curves have been shown in figures 1 and 
2. Figure I shows the vari-
0·09 
• 
SOFT L.AC RESIN 
MeQS\Jl'ed PO\Oer' FactoP. 
Tcmpe~ntu,.c CUl'ves. 
30 40 1)0 ~o 
Tempel'a.luPe in ·c . 
fi~ul'e 1-
'TO 80 90 100 
height and themfalls again, The maximum point is imlicateu 
characteristic of a frequency. 
Unlike curves for whole lac 
however the maximum value 
·of power factor practically 
remains the same for all fre-
quencies and is abou't 0.085-
O.go. For whole hc the 
maximum value was 0'705 
at 50 cyc1es/sec;ond and with 
increasing frequency it gra-
dually fell to 0.0805 at 100 
Kc/s. At 50 cis the maxi-
. son LAC RESIN 
Corrected Power foctor 
0·10 TempellDtUl'e Cur~e6 
d 0.09 ~ 
l:: 8 0·06 
rt. .. 
o 
ti 0'0" ~ 
mum power factor of soft ()ooo , " 
ation of power factor of soft 
lac with temperature as mea-
sured, i.e., without any cor-
rection for -the d.c. conduc-
tivityof the 'material whilst 
figure 2 shows the pure 
a.c. power factor-i.e., after 
correcting for the d.c. con-
ductivity-plotted against 
temperature. Thc nature of 
these curves is. similar to 
those obtained for whole lac 
and ill gencral for polar 
liquids. Each curve rises 
gradually to its maximulTI 
by a temperature whicb is 
resin takes place at so low 10. 10 30 ~o !II) 60 70 
TempepG.tur'C: i 1\ 1: 
a temperature as 27.Soc, Fi~l{l'e 2 .. 
whereas at "500 Kc/s this ~ 
occurs at 79°C. 'The value of pO\\er factor at ~2°C for practically all frequencies above iOO CIS 
is.about 0'04 andJlt both higher or lower temperatures it varies with· frequency. 
The ,dielectric constant-temperature cur~'es and . the dielectric loss-temperature' curves 
. ~ve beeUShoWD infigqres 3 and 4. They 8re typical polar resin curves. Each curve in 
figure 3' is c~cterised by.a sudden rise in diel~tric constint and afterwards by a tendencY 
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towards a dat maxim\un followed by a slow decrease in the flat maximum value. 
lac the drooping portion of such 
For whole 
curves could not be obt~ined 
since it occured at higher tem- 7.0 
peratures than IIO°C and there ·6 
was the apprehension of consi- ·G 
derable heat hardening in the 
resin at such temperatures. For 
soft lac, however, there was no 
such difficulty and a complete 
curve could be obtained. The 
maximum value of dielectric 
constant for any frequency is 
lower for soft resin than for 
whole lac as ni~y be seen from 
the curves. Thus 6 n.' for soft 
lac at 50 cis is 7.0, for 500 
cis it is 6.9 and for I, 3, 5, 10, 
50 and 100 Kc / 5 the respective 
values are 6.75, 6.50, 6.44, 
6.38, 6.15 and 6.10, whereas 
for whole lac the respective 
values are higher even at 
IlO°C .. 
. The dielectric loss curves 
are also similar to those of 
whole lac. The maximum loss 
€m", however, is less and is less 
than 0.5 for all frequencies. 
The .general nature of these 
T.mp "{-
l'i8U~es 3 '" 4-
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"11\ t '- T~",p ~ (.. ~ Ten\p 
Curves. 
curves is also similar to' those of lac except that no definite decreasing tendency in the 6m" value 
with rising frequency can be noticed. 
Now as in the case of lac we can just get an ldea of the relaxation time of the soft lac 
molecule from the relation 
where 
" 60'-e'C/:J 6m 
2 
6m" = the maximum value of dielectric loss, 
60' = the static dielectric constant, 
and 6 CI:J' = the low temperature value of dielectric constant. 
Adopting' the estimated value 7.5 for 60' and 3·5 for 6C/:J' at 60°C (from figure 5) we see 
that the maximum loss value should have been 2'0 according to the simple Debye theory, but 
actual 6,,.0 obtained is only o·s which is only a quarter of the calculated value. Bence,' al~ 
though the $Oft resin· molecule has a comparatively lower molecular weight, a distributW range 
of relaxation tilDes is s11lgeated for this smaller, ~olecule too. It l1as been already mentioned • 
• 
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now the effect of a distributed range of relaxation time 
&0 
7·0 
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in a molecule can be shown from 
theoretical grounds (Yager, 
1936) to diminish the sm" 
values and also to widen the 
dispersion band. In order to 
show the spread of the dis-
persion band in this case, 
figures 5 and 6 have heeD; 
included. From figure 6 it 
~ay be seen. that the band 
spreads over a very wide 
range, 'Viz., for at least 5 or 
6 decades. From both these 
considerations, 'Viz., the 
a.OL.----~---::-..-o:r.:~--___::;';I;_---_rl;~--_.;;_:; . diminished s,.,." value as well 
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LOG . f'REQUENC'f as the widespread dispersion 
~ure 5. range, a distributed range: of 
relaxation time of the soft 
resin molecule suggests itself. If s" /sm" values are plotted against film. which tUay be easily 
be computed from~)he s"-
log I graph, more bluntness or 
flatness of the curve than the 
Debye graph shows the effect 
of distributed relaxation 
time in tb' molecule. A 
comparative study of the 
0·, 
()'-4 
degree of such an effect in ().3 
different molecules tUay be 
I 
made by the plot of such O~ 
curveS in a single graph, 
where more blunt curves will 
indicate greater effect of dis-
tributed relaxation time and 
the coincidence with the 
Debye curve will natu.rally 
show absence of distribution, 
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i.e., a single relaxation time. Fig. 7 shows such a graph for soft lac resin and the existence 
of a distributed range of relaxation time in th~ molecule may be seen from the blulltness of the 
curve. A comparison with the whole lac curve can also he made from this graph for which curve 
(B) has been included This is for Kusmi lac resin taken from the previous paper (Bhattachar1a, 
.1944). It is observed that the bluntness of the soft lac curve (curve A) is slightly less than the 
Kusmi whole lac curve (curve B). This is just what may be expected since t1;1e soft lac molecule 
being smaller in size than the whole lac molecule should follow mOll~ closely' the ideal 
Debye curve meant only for small polar molecule with a single relaxation time . 
• 
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A method of finding out the distribution coefficient of relaxation times of a polar mole-
cule has very recently been 
given by Fuoss and Kirkwood 
(r94 I). They observe that 
for pelar resins the loss'factor 
€" can be represented by the 
approximate equation 
Ii_A sech a X 
where A is a constant, 
characteristic of the resin 
and derivable from dielectric 
constant data, a is the para-
meter which measures the 
width of the distribution and 
x is the natural logarithm 
of the ratio of the frequency 
at maximum absorption 
to the frequency at which 
EN is measured. They 
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have also given a method whereby a, the distribution parameter of relaxation times of 
a polar system can be calculated from the observed loss factor-frequency curves. By follow-
ing their method of calculation a value of 0.40 was obtained for a, the distribution parameter 
of soft lac. It may be rememberea that u gave a value of 0.35 for Kusmi lac, and that 
distribution coefficient of relaxation times may be compared favourably with the distribution 
parameter of a resin system containing 80% polyvinyl chloride and :w% diphenyl (Fuoss 
and Kirkwood, I oc. cit.). Soft lac resin has a still higher value of distributigp parameter and 
in order to get an idea of this distribution by comp~rison with a polyvinyl chloride-diphenyl 
system we can only observe that a much higher percentage of the plasticiser will be required 
to yield a similar resin. 
N ow in order to get all idea of the dimensions of the rotating unit. which contributes 
to the dielectric loss, we can use the relation 
where 
and 
_41Tlja" T---
kT 
t = relaxativn time of the rotator, 
'1 = coefficient of viscosity, 
a=radius of the rotator, 
k:: Boltzmau constant, 
T= Temperature on Absolute scale. 
r can be calulated by means of the equation 
Ii '+ 2 WT=-OO __ 
60+ 2 
at the point where maximum dielectric loss takes place for any frequency in" the loss factor-
temperature (ell - t) graph 6 ' and 60' are the values of. dielectric constant at infinite and 
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zero frequencies respectively i.e., dielectric constant at very high frequencies or low tempera-
tures and that at very fow frequencies or the static value of the dielectric constant respectively. 
These values may be estimated from (11- Jog f graph and can be used in the calculation of 
, relaxation time 1'. 
B"t the viscosity of soft lac resin at different temperatures was not known. In order to 
collect viscosity data .of soft lac, therefore, a set of Lee's modified Ostwald viscometer usually 
meant for measnrement on tar (Lee, 1934) was employed. The results have been shown in 
Table VII, it may be observed that these data can be represented by the usual logarithmic 
formula log1j=A+ B =A+ Jt T RT 
TABLE XII 
Viscosity-temperature data 
Temperature 
T/l)( 103 
------------
Viscosity in poise 'I log 'I 
t'e I T"K _._._,-
55· 328 3·049 25,200 4.40 
60" 333 3·003 10,100 
" 
4·00 
70· 343 2.915 2,000 3·30 
80· 353 2.833 503 2.70 
90· 363 !:I·755 134 2.13 
I 
The graphical representation has been shown by the top line of figure 8. It was not 
possible to carry out the 
measurement of-viscosity at 
any temperature below 5SoC, 
as the viscosity seemed to be 
too high to be measured even 
13'0 
with Lee's viscometer of the 12.0 
largest capillary diameter (6 .... 
'. ~·o 
3'0 
mm.). From this graph, ~,t c:: 2-0 
however, viscosity at any ~ 
temperature within the range 
of measurement can be ob-. 10· 
tained. 
Now the temperature of 
maximum loss at any fre-
qUency (Fig. 4) which falls 
within the above range of 
temperature may be taken 
and T calculated from the relation 
1'0 
8 co'+'2 
"'1'=---
60+ 2 
11-9 3-0 
~.~ 
.. Figure: 8. 
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The viscosity, corresponding to this maximum loss temperature, determined from the 
viscosity-temperature graph, may now be used in the equation 
7'=411''1a8 
kT 
and thus the average radius of the rotating unit obtained. Table XIII shows the results of 
such calculations, from which it may be seen that, ~ in the case of whole lac, soft lac also 
yields practically the same value of radius for its rotator' .. 'Viz., about 1.50 x 10-8 em. The 
conclusions arrived at previously have thus been streqgthened by an independent set of 
measurements on soft lac and may, therefore, be repeated ~ere. In the alternating current field 
the molecules of neither whole lac nor soft lac can rotate~s a whole but the most probable 
polar group, 'Viz., the hydroxyl group takes part in the totation. It is really very interesting 
that, on calculation from data obtained at different freque,cies. practically the same valu~ of 
radius bas b~en obtained and that coincides with the r.ius of the most probably polar groqp , 
in the molecule of either whole lac or soft lac. The only Etgument that can be placed against 
this calculation is the uncertainty regarding the inner ftktion coefficient of soft lac for which 
t,he macroscopic viscosity determined experimentally has ~n taken as equal. It has already 
been stated that the results of experiments with various polar liquids have shown that at least 
for liquids ''the macroscopic viscosity and the inner friction are the same, and from 
our present knowledge regarding the physico-chemical behavIour of thermoplastic resins we 
are inclined to iaclude them in tIle category of liquids. 
TABLE XIII 
Calculated relaxation time'and radius of the rotator 
Loss max. 'Relaxation Frequency Viscosity Radius of the 
temperature time t 
" 
rotator 
tOm .,. a 
-----_ .. --.--~-- .• --
63· 4.00 x 10-6 25 Kc/s 5 IC 103 1.43 x 10} em 6g. 11.04 x 10-6 50 Kds 2·4 x 103 I.47X 10 8 em 
74° 1.02 x 10- 8 Ino Kc/s 1.2 x 103 I.49X IO-' em 
83° 2.08X 10 '7 500 Kc/s 2.63 x 10' I.45XIO' em 
I 
, 8 
The relation 1'=4ff'1T4 is baSled UpOll Stoke's law which is generally applicable to liquids. k . 
-
But we can test from experimental data whether the inner frictional torque is proportional to 
macroscopic viscosity or Qot. To do this let us first of all assume that it is so. In that case we 
can write. 
or, 
or, 
7'=~/2KT=C 'lIT 
T1'-C'1 
log 'r1':;:: C' + log '1 
Substituting' for log .,.', the above relation can fu~ther be written as 
log" "£1':;:: C" + R ~ , [~ince log 'I -, A + -iit 
where Q= ~molar aetivation energy and R- molar gas constant. 
I ..• 
.'~ 
I 
110 G. N. Bhatttlchtlrytl 
... 
If the above assumption is true, a straight line graph is expected when log Tor is plotted 
against 1/ T . 
, An actual plot for frequ~ncies of So cIs, 1 Kc;s and 10 Kc/s shows that straight lines are 
obtained (Fig. 9). The rela,xation time or was calculated from the relation. 
or=_l_ 6~2 )6m"± vem/2-eI2 ~ 
WfI" 60'+ 2 1 f 
Thus we see that the mnrcoscopic viscosity is at least proportional to in ner frictiOJ,l. if 
not equal. 
TABLH XIV 
Itog Tor and I /T data 
Frequency Temperatnre Relaxation 
f -------~ time 1'.,. l!T X 103 logTT t'e I T"K .,. 
._-
1 
50 Kc/s 20' 293 67.oX 10-4 1.9630 3·413 0.2930 . 
30' 303 13.7 X 10-4 0·4151 3,300 ' 0.3819 
40' 313 63·7 X10- 5 0.1993 3.195 0·7004 
5°' 323 19.1 x 10-6 0.061 7 3'°96 1.2098 
I Kc/s 20' 293 62.1 x 10-' 0.1820 3·413 0.7400 
30" 303 31.4X 10-6 0.0951 3.300 J.021 7 
4°' 313 13.7 X 10-:-6 0.0428 3.195' 1.3678 
5°' 323 47·8XIO-e 0.0154 3·0g6 I.8II4 
60' 333 26'9 xIO'-S 0.0895 3.003 2.0478 
10 Kc/s 20' 293 62.1 X 10-8 0.0182 3413 1·74()0 
3°' 303 41.2 X 10-6 0.0125 3·300 1.90 37 
4°· 313 26.oXIO-a 0.0081 3.195 2.089.1. 
50' 323 17.0 )( 10-6 . 0.0055 3·0g6 2.2604 
60' 333 83.0" 10'" o.n022 3.00' 2.5585 
Another cbecking of this may be made from the d.c. conductance data. The d.c. con-
0 •• 
0·0 
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conductance of an insulat-
ing material is believed to 
be due to the mobility of its 
free ions. As the mobility 
is directly proportional to 
fluidity or inversely to vis-
cosity at any tempera~ure, 
an idea can be had as to 
how the iuner friction varies 
with temperature from the 
. d.c. conductante-tempera-
ture relation of the material. 
The bo,ttom line of figure 8 
shows that the logarithm of 
d.c. conductance Ko of soft 
lac gives ,a straight line plot 
"with lIT throughout the 
\vhole ra~ge of investigation. 
4. 9tA .. ..:..:... .. ... _':_t..'" .. u__ I.AG 
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practically the same slope with x-axis as the viscosity line. or in other words both of them have 
the same Q value. Thus we see from this angle of view too that the macroscopic viscosity 
and the inner friction vary exactly similarly with temperature. 
Calculating frow the slope of these lines with r/'r axis. we find that the molar activation 
energy Q yields a value of 33.8 K·cal from d.c. conductivity data. Thus both these values are 
practically the same. Similarly the molar activation energy can be calculated from the 
log TT·r/T graphs of figure g. The value of Q will be different frequencies here. as is evident 
from the inclination of'each line with the liT axis. The "Iue of Q will be less and less with 
increasing frequency as is seen from the graph. In fact Q for 10 Kc/s is 8.0 K-calorie, for I 
Kc/s is 14.6 K-qJ .and for 50 cis is 21.3 K-cal on cal~lation from the slope of these lines. 
Thus we see that the value of Q for still lower frequencies than 50 cis will be greater than 
21' 3 K-cal and the value of about 34.0 R-cal obtained frelm the d.c. conductivity data is more 
or less in agreement with the value 33.0 K-cal obtained front the a.c. data by extrapolation to 
zero frequency. " 
If we compare these Q valttes with those of Kusmi lac calculated under similar conditions 
we find that the activation energy at 
50 cis is practically the same for both 
Kusmi lac and soft lac 'Viz., approximately 
21.0 K-cal. But with the increase of 
frequency soft lac requires comparatively 
iess energy than whole lac. Thus at 
I Kc/s soft lac requires about 15.0 K-cal 
whereas whole lac approximately 20.0 
K-cal and at 10 Kc/s the value of Q for 
soft lac is only 8.0 K-cal whllst for whole 
lac it is 15.0 Kecal. 
The dielectric constant of soft lac even 
at o°C is pretty high compared with the 
square of its refractive index at that 
temperature. The value of refractive 
index at 20°C is 1.4976 and computing 
from the temperature coefficient of refrac-
tive index (Bhattacharya, I940) the value 
at o°C may be estimated to be approxi. 
mately 1.505. Hence we should expect 
that the dielectric constant of soft lac 
will be less and less at temperatures below 
zero till it approximates to the square of 
its refractive infiex at that temperature. 
This willliappen when the dielectric con-
stant will have the approximate value of 
2.3, and assuming the linear variation at 
such low temperatures this may be ex-
pected to take place at-40°C or ,so. 
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Hard Lac Resin.-Measurements on hard lac discs could only be carried up to 80"C 
and with difficulty up to go°C. Thereafter the discs began to get deformed due to softening. 
The results have, however, been shown in figures 10 and II. For the sake of clearness in 
drawing curves at 50 cis, I Kc/s, IO Kc/s, 100 Kc/s and 500 Kc/s only have been drawn. 
They are just like Kusmi lac curves so far as could be judged frol11 their nature and some of 
them have been extrapolated freely in order to study their nature at higher temperatures. 
The extrapolated part of each curve has been shown in broken line. 
The first difference that may be noticed in these dielectric loss curves from the Kusmi 
lac ones is their similarity in the maximum height. The value of em", therefore, does not 
increase with decreasing frequency. Soft lac also showed more or less constant value of loss 
peak for all frequencies. If we take whole lac as a solid solution of pure lac in soft lac, the 
phenomenon of having increasing f:II/' with decreasing frequency remains apparently unexplained. 
A further' study of this abnormal behaviour of lac is being made and the result will be reported 
in another paper. 
The lo:"s peak of hard resin at 50 cis takes place at 74°C whilst at I Kc/s, 10 Kc/s 
and 100 Kc/s the maximum loss probably takes place at Sloe, 9loe and I06°e respectively. 
The last two values are obtained by extrapolation and so may not be accurate. Comparing 
with soft lac und whole lac it appears that for any frequency the loss curve of hard lac takes 
up the extreme right position on the same temperature axis, that of whole lac the middle 
position and the soft lac curve the left position. . The softening points of these resins are also 
in this order and if whole lac is looked upon as hard lac plasticised with soft lac each loss 
curve of hard lac will shift leftward, the amount of shift depending upon the soft resin content 
of lac. Such a behaviour has been observed by others (Davies, Miller and Busse, 1941 j Fuoss, 
1941) while experimenting with plasticised synthetic resins. The role of plastici5~r is to shift 
any loss curve towards the left as a result probably of diminishing inner viscosity. 
e.o 
7.0 
&. 
4·0 
The e'-frequency and f:"-frequcllcy curves have been included in figures 12 and 1:\. 
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From the loss curves it will 
appear that for hard lac the 
dispersion band is wider at 
any temperature than whoie 
lac. The e'l/em" plot against 
f / 1m has been included in 
figure 7 along with soft Jac. 
The ~o('C data have been used 
for this purpose. Here also 
it may be seen that the curve 
for hard lac is more blunt than 
the Kusmi lac curve. Owing 
3-0 HAfID LAC RESIN ffi 
C', LoA.frfl\UI!IIc, qroph. to the di cully of measurement 
'-----~.0;;----""'ia;-'.;.o:------t4."..()----~"".0-----.,."'-... the viscosity data of hard lac 
L~. feequency could not be obtained and 
FiiSure 12. 
so the size of the hard. lac 
rotating unit remains undetermined. But the distribution coefficient of relaxation times 
of tbe bard lac rotatin¥ unit could ~ determined according- to the rnethoQ of Fuoss 
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and Kirkwood and the value obtained for the distribution parameter was only 0.26. 
Thus we see that gives a value 
of 0.40, 0.35 and 0.26 for soft 
lac, whole la~ and hard lac 
respectively showing thereby 
that of the three soft lac con· 
forms most to the ideal Debye 
curve. 
We have seen that loss curves 
of Kusmi lac begin to rise 
abruptly between 3SDC and 
40°C; for hard lac this hap-
pcns aftu so°C. For soft lac, 
howcver, such .a point is diffi-
cult to obtain and if it exists 
0 •• 
0', 
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at all this must be at a tem- FI~u~e 13 • 
perature below the experi-
mental range, -i.e., below IOoe. The refractive index experiments also showed the existence of 
such a transition temperature for hard lac at 50"C or so (Bhattacharya, 1940). There it was 
observed that the temperature coefficient of refractive index of hard lac above 50 0 e was about 
three times that below it. But for soft lac 110 such temperature could be noticed and the tem-
perature coefficient was uniform throughout the experimental range of temperature, i.e., between 
:lODe and 90°C. 
Lac-wax.-From the nature of dielectric constant-temperature graph (Fig. 14) it appears 
at first sight that lac-wax be-
'::mL~AC WAX 
t", T .. !"1\~' 'lIhl t<lmf; 
o-ODO 
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haves almost as a non.polar 
substance. This lac-wax, it 
must be remembered, was puri-
fied from the commercial lac-
wax, i.e., it was only the 
alcohol soluble wax which is of 
course the main constituent 
comprising about 85% of the 
total. Tschirch and Schaefer 
(1926), investigated· into the 
nature of this wax and they 
considered that it consisted of 
wax ester which on saponifica-
tion gave an alcohol, probably 
C26H u O, and an acid C.26HaoOIi' 
On the evidence of crystal spac. 
ings, however, Chibnall and his 
co-workers (1934), are of the opinion that alcohol-soluble lac-wax is simply a mixture of primary 
alcohols of even number carbon atoms fromCu to C3<1' . 
Alcohols are of course polar substances the molecules of which have an average moment 
of .1.68 Debye units but tHeir dielectric constants decrease with the increase of carbon atoms 
114 G. N. Bhattacharya 
in the molecule. Thus dielectric cd'nstants of methyl and ethyl alcohol at 20°C are 3I.2 and 
25.8 whilst those of heptyl and octyl alcohols are 4.2 and 3.4 respectively. This may easiiy 
be explained if we consider that although the electric moment of the individual molecule of 
an alcohol remains practically the same the number of molecules per unit volume decreases 
with the lengthening of the carbon chain. Hence the dielectric constant is lowered. _ Baker 
and Smyth (1938), have recently studied the dielectric constant as well as the anomalous 
dispersion of cetyl alcohol, C1sHaaOH . They find that although the dielectric constant at 
50 Kc/s near about 20°C is only 2.23 there is definite evidence of anomalous dispersion taking 
place just below the melting point of the alcohol, the dielectric cOllstant at the melting point 
being about 4.30. We find from this that the variation of dielectric constant for the anomalous 
dispersion range is small and it may be expected that with a further increase of cor bon chain 
this change of dielectric constant will be still smaller. 
For lac-wax we find that a sudden discontinuity arises in the dielectric const'lnt-tempera-
ture curve near about 60°C for practically all the frequencies used and above 80°C there is a 
tendency for all the curves to mix up. At 100°C or so the dielectric constant is practically 
independent of frequency. But at tempature below 60°C the dielectric COllstant is not indepen-
dent of frequency but almost independent of temperature. The melting point of the wax was 
83°C and the softening point 67°C, when determined by the mercury surface method (Ranga-
swami & Sen, 1942). From the temperature dependence of dielectric constant it appears, 
therefore, that the inner softening of the wax starts somewhat earlier than the temperature 
indicated by the softening point as determined by the mercury surface method. It should also 
be seen that even in the solid state of the wax there is some freedom of movement of the polar 
group-some form of dipole orientation-although general rotational freedom is not possible. 
This is clear froD! the frequency dependence of dielectric constant at low temperatures as 
well as from the inequality of these values from the square of the optical refractive index 
(about 2.2). The study of dielectric constant of many other solids has also indicated such a 
possibility. In the case of lac wax of course some explanation for the high value of dielectric 
constant just below the melting point of the wax is possible, e.g., it being.a physical nlixture 
the presence of some components in the liquid phase just bdow the melting point of the wax 
is possible especially when a sharp melting point, as is generally obtained for pure organic 
compounds, is wanting here. But such an explanation is untenable at still lower temperatures, 
for all the components of this wax are primary alcohols containing no less than 26 carbon 
atoms and their individual melting points must be high. At ordinary temperatures all of 
them are expected to be solids and therefore the possibility of some al110unt of dipole orienta-
tion even at such a state should be entertained. 
It is difficult to draw any useful conclusion from the power factor-temperature curves of lac-
wax (figure 15). But we find that the power factor is extremely low at high tel11peratures when 
the wax is completely in the liquid phase. We thus see that all the molecules present in the 
wax can freely orient with the applied a.c. field after melting. This is possible because 
although their average molecular weight is about 450, being only primary alcohols they have 
simple structure. Their inner friction, therefore, is low and the resistance to orientation small. 
Hence the energy absorbed is small. The undulating nature of the curve at any frequency 
is probably the result of several peaks of which two are distinctly discernible. •• 
It may now be noticed that lac-wax has no undesirable dielectric property which some 
people ascribe to it (Rangaswami and Sen, loc. cit.) noticing probably the widespread use of ,..d-
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free shellac in some electrical industries. The use of de-waxed shellac has spread mainly for 
good adhesion aud less water absorption of the varnish film and not for any undesirable 
dielectric property of lac wax. In fact the dielectric properties of lac wax are even better than 
those of either pure lac resin or soft lac regarding loss at slightly high temperatures. But 
its adhesion properties are poor since it is only a waxy material and not a resin and the water 
absorption of the de-waxed lac film has been found to be less than that of the whole lac film. 
Moreover the wax-free shellac film gives a more attractive appearance owing to its clearness 
and transparency although it suffers from some mechanical defects especially elasticity. Baking 
improves some of its mechanical properties and on comParing the properties of film produced 
from whole lac and wax-free lac one investigator (RallgasW',Jlmi, 1933) is of the opinion that 
"a wax-free film or one with a low percentage of walt is preferable whenever baking is 
practicable as, for example, in the electrical industry." These are the reasons why wax-free lac 
is used in the electrical iudustry and not for any inferior die~ctric property of lac wax. 
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